F amilial hypercholesterolaemia (FH) is an autosomal dominant inherited lipoprotein disorder characterised by raised plasma low density lipoprotein (LDL) levels, xanthomas, premature coronary artery disease, and a family history of one or more of these. 1 Homozygous FH occurs in one in a million people and they are severely affected, while heterozygotes are moderately affected and occur at a frequency of 1 in 500 in genetically heterogeneous populations. FH is caused by a mutation in the LDL receptor gene (LDLR) and over 700 have been reported to date (http:// www.ucl.ac.uk/fh). 2 However, it is not always possible to predict the pathogenicity or the clinical phenotype of a detected LDLR gene sequence variation. This is particularly the case for variants causing missense mutations, promoter regulatory element variations, or splice site junction variants where it is difficult to predict the degree or type of aberrant splicing. 3 Since 1996, a molecular genetic diagnostic service for FH has been running at Great Ormond Street Hospital. 4 Over the last year several probands were found to have one of two variants in the LDLR gene, one in the promoter, −269G>T (numbering −1 from the base immediately upstream from the first base of the initiator methionine codon), which was originally reported as −175G>T, in a region known to contain important cis acting elements, 5 and another at a moderately conserved base in a consensus splice site, 2140+5G>A, in intron 14. Both of these variants have been previously reported in FH patients. 6 7 Here we determine the frequency of these variants in UK FH patients and investigate the likely pathogenicity of these two variants by determining their frequency in healthy non-FH subjects in the UK general population.
MATERIALS AND METHODS
An assay was designed for the −269G>T variant where an NruI restriction site was introduced into the PCR product of the common g allele by a mismatch in the sense primer (underlined), sense primer 5′-CAA CAA ATC AAG TCG CCT GCC CTC GC-3′ and antisense primer 5′-ACC TGC TGT GTC CTA GCT GG-3′. On digestion of the PCR with NruI, the T allele is uncut (252 bp) and the G allele is cut (227 bp + 25 bp). The primers for amplification of exon/intron 14 were: sense primer 5′-CTT CCA CAA CCT CAC CCA GCC A-3′ and antisense primer 5′-GCA GAG AGA GGC TCA GGA GG-3′. The 2140+5G>A variant was detected using a natural MslI restriction enzyme site, where the rare A allele is uncut (381 bp) and the G allele is cut (351 bp + 66 bp). PCR conditions were as described previously. 8 Both enzymes were added directly to the PCR product, incubated for two hours or overnight at 37°C, and the products separated on a 7.5% MADGE 9 stained with ethidium bromide.
The samples studied consisted of 511 FH patients from the Simon Broome Register, 10 and 745 white men from two general practices, Halesworth and North Mymms, from the Northwick Park Heart Study (NPHS-II), 11 considered to be non-FH subjects. Exclusion criteria for NPHS-II included non-white origin, a history of unstable angina or myocardial infarction, regular medication with aspirin or anticoagulants, cerebrovascular disease, malignancy (except skin cancer other than melanoma), diseases exposing staff to risk of infection, mental disorder, or other conditions precluding informed consent or regular attendance for examination. 11 Plasma cholesterol and triglycerides were measured as previously reported 11 and genomic DNA was isolated by a standard method. 12 
RESULTS
No carriers of the -269T allele were found in 745 NPHS-II healthy men or in the cohort of 511 FH patients. For the 2140+5A allele, 19 carriers were found in the NPHS-II sample and 22 in the FH cohort giving allele frequencies of 0.013 (0.01-0.02) and 0.022 (0.01-0.03), respectively. Although the frequency was higher in the FH patients than in healthy subjects, the difference was not statistically significant (p=0.23).
In the NPHS II men, data were available for various lipid traits. As can be seen from table 1, no statistically significant differences were observed between the mean total cholesterol, triglyceride levels, or other characteristics when carriers of the 2140+5A rare allele and non-carriers were compared.
DISCUSSION
The intron 14, 2140+5G is a moderately conserved base in the donor splice site consensus sequence, being a G in over 80% of introns examined. 13 Although the effect of this intron variant on LDLR mRNA splicing has not been investigated, a similar mutation 1592+5G>A in intron 10 of LDLR has been studied at the mRNA level.
14 This mutation was detected in two Danish families both in hypercholesterolaemic and normocholesterolaemic subjects. 1592+5A was found to generate two aberrant mRNA species owing to alternative splicing, either skipping of exon 10 and deletion of 75 amino acids, or activation of a cryptic splice site in intron 10 resulting in the insertion of 66 intronic base pairs resulting in the insertion of 22 novel amino acids in the protein. 14 The intron 14 variant is thus potentially pathogenic.
In the original report of the 2140+5G>A variant in an Austrian patient, it was found together with a missense mutation in the coding region of the LDLR D333A. 15 Other patients have been found with the 2140+5A variant together with another mutation in the coding region of LDLR. In a group of Danish FH patients it was found with missense mutation E207K in exon 4 of LDLR in one family but also alone where it cosegregated with clinical signs of FH in the absence of another detected LDLR mutation. 6 Analysis of 100 control subjects did not show any 2140+5A carriers, suggesting that this variant was indeed FH causing. 6 In a group of 36 unrelated Spanish patients, it was found in cis with a frameshift mutation 518delG, also in exon 4, which would render the 2140+5A irrelevant, as a stop codon would have been encountered before the intron 14 variant. 16 In the Simon Broome patients, we have found a deletion of 2 bp (680delAC) in exon 4 of LDLR, together with 2140+5A (unpublished), which would also render the intron 14 variant irrelevant. However, the 2140+5A allele has been found in FH patients without any other detected mutation in LDLR, both in patients referred for diagnosis in London (unpublished) as well as in Holland where the variant was found to cosegregate with the FH phenotype in families. 6 The promoter of the LDLR gene is well studied, and all essential regulatory elements lie within 200 bp upstream of the transcription start site. 17 The −269G>T occurs in the FP2 cis acting regulatory element which spans nucleotides −281 to −269 (−187 to −175) in the LDLR gene promoter, with both FP1 and FP2 being essential for maximal induction of transcription. 5 The −269G>T variant would disrupt this conserved site and is thus potentially pathogenic. The −269G>T variant was first reported in a black South African FH family (as −175G>T). The proband was found to be heterozygous for the −269G>T and a recycling deficient mutation E387K in the coding region of the LDLR. One of the proband's children who had inherited the 387K allele was found to be homozygous for the −269T. Other members of the family were found to be heterozygous for −269T but not carriers of 387K. Some of these −269T heterozygotes had cholesterol levels within the normal range, while others were hypercholesterolaemic. The carrier frequency of −269T in the general black population was found to be 6% and in FH patients 20%. It was also found in Lipid Clinic patients without the FH phenotype at an intermediate frequency (13%). The authors concluded that despite its location within an important region of the promoter, the −269T change was having little, if any, effect on lipid levels and was not a primary cause of FH in this family. The −269T allele was not found in over 300 whites investigated. 7 The −269T allele was not found in 745 non-FH white controls or in 511 white FH patients. On investigation of the ethnicity of the two −269T carriers found in the molecular genetic diagnostic laboratory at Great Ormond Street Hospital, one, who is Afro-Caribbean, was also found to have the exon 4 E207Q mutation. The other patient was also reported to be of mixed ancestry (Irish, Maltese, English) and −269T was the only LDLR gene variant found. Thus, this variant has, to date, only been found in people of black African descent.
Taken together, the published reports and the screening data reported here suggest that neither of these variants has a major effect on LDLR function and are not FH causing. We have previously reported two other non-pathogenic variants of LDLR, both of which are missense variants, T705I 18 and A370T, 19 and which occur at low to moderate frequency in healthy UK subjects. Ideally, functional cellular studies should be carried out on all novel variants identified in the genetic diagnostic setting, but this is currently impractical in a diagnostic laboratory because of time and cost constraints. In the diagnostic laboratory it is recommended 20 that at least 50 normal subjects should be screened from the particular ethnic group to determine the frequency of the novel variant. Although the intron 14 variant is common enough to have been detected in 100 subjects with a high probability, increasing the number of normal subjects screened to 200 or 300 would be a more stringent test. The promoter variant is essentially absent in UK whites and would only have been detected if the correct ethnic group was identified and if normal subjects of this group were available. These results emphasise that care must be taken in reporting sequence variants as FH causing, even when the variant has been reported to cosegregate with the FH phenotype in a family. 6 
